Purified ribosomal DNA from Saccharomyces carlsbergensis contains a small proportion of circular DNA molecules with a contour length of 3 um or integral multiples thereof. Hybridization of yeast ribosomal DNA with 26 S rRNA, using the R-loop technique, reveals that these circular molecules contain sequences complementary to yeast ribosomal RNA. We suggest that these extrachromosomal rRNA genes may be intermediates in the amplification of rRNA genes in yeast.
INTRODUCTION
Genes coding for ribosomal RNA (rRNA) in eukaryotes generally exist as multiple copies which are tandemly arranged at one or more locations on the chromosomes. However, in a number of organisms rRNA genes are also present as extrachromosomal DNA molecules. Well-known examples are the oocytes of many amphibia. In these oocytes extrachromosomal rDNA occurs which comprises integral multiples of a basic repeating unit consisting of a non-transcribed spacer region plus the DNA coding for the primary rRNA transcript (1) . The extrachromosomal rDNA is extensively replicated during the amplification stage of the rRNA genes.
Extrachromosomal rDNA has also been observed in a number of lower eukaryotes. Two basically different types of gene organization have been described. First, the macronuclear rDNA of Paramecium exists as relatively small molecules with a tandemly repeated basic unit, in both linear and circular forms (2) . On the other hand, the free rRNA genes in Physarum, Dictyostelium and Tetrahymena exist as giant palindromes (3, 4, 5) . The free macronuclear rDNA of Tetrahymena appears to arise from a single chromosomal rRNA gene in the micronucleus (6).
rDNA in yeast comprises 100-140 copies of a basic repeating unit, which are organized into long tandem arrays on the chromosome (7) (8) (9) (10) (11) (12) . We wanted to establish whether or not additional extrachromosomal rDNA is present in yeast. By careful electron microscopic analysis of the rDNA preparations of the yeast Saccharomyces carlsbergensis we found a small proportion of circular molecules having the same contour length (or integral multiples thereof) as the basic ribosomal repeat within the chromosome and which form R-loops upon hybridization with homologous 26 S rRNA.
MATERIALS AND METHODS
Isolation of DNA: high molecular weight yeast nuclear DNA from S^. carlsbergensis strain S74 was isolated as described previously [5) . Ribosomal DNA 2 + was separated from the rest of the nuclear DNA by preparative Hg /Cs SO density gradient centrifugation (13) .
Isolation of RNA: unlabeled 26 S rRNA was prepared from yeast ribosomes by phenol extraction and further purified by sucrose gradient centrifugation (14) . R-loop formation and specimen preparation: R-loops were formed as described previously (7) according to the method of Thomas e_t aj_. (15). The R-loop mixture as well as the purified rDNA were spread and mounted on grids essentially in the same way as earlier described (7).
Electron microscopy: Specimens were examined in a Philips E.M. 200 or 201 electron microscope. Photography and length determination were carried out as described previously (7) . proportion of the molecules appeared to be circular. Figure 1 shows an example of this class of molecules whereas Figure 2 shows the contour length distribution of these open circular molecules (no supercoiled molecules were observed). They apparently constitute a homogeneous size class having a length of about 3 pm; the average contour length is 3.28 ± 0.16 pm (N=13, see Table I ). This length is identical to the length of 3.26 pm earlier reported for the ribosomal repeating unit on yeast chromosomes, which suggests that these circular molecules represent extrachromosomal copies of rRNA genes.
Molecules having two or three times this length were observed also (jrf. Figure   2 ).
To establish the identity of these circular DNA molecules, we hybridized the yeast rDNA fraction to 26 S rRNA under conditions favouring the formation of R-loops (15). Figure 3 shows some examples of circular DNA molecules which were scored after this procedure. They display a single R-loop per unit length of about 3.2 pm. The average length of these molecules measured along the DNA-RNA hybrid strand and the DNA-DNA double strand is 3.21 + 0.21 pm (N=7, see Table I ). 
